Objective: Efficacy of the maze procedure for atrial fibrillation associated with advanced mitral disease not amenable to repair has not been determined. This study investigated whether type of mitral surgery affects maze outcome. , a total of 435 patients underwent the maze procedure and concomitant mitral operation. Of these, 226 underwent mitral repair and 209 underwent mitral replacement.
Atrial fibrillation (AF) is observed in 40% to 60% of patients who require mitral valve (MV) surgery, with the treatment of choice being the maze operation in association with MV repair when repair is technically feasible. 1, 2 The efficacy of the maze operation in patients who require MV replacement, however, is still unclear, 3, 4 in that (1) anticoagulation after valve replacement may be sufficient to prevent cerebrovascular accidents (CVAs), even without the restoration of normal sinus rhythm, and (2) the outcome of the maze operation may be less than optimal in patients with advanced MV pathology that is not reparable. Because MV replacement is indicated only for patients with difficult to correct, advanced MV pathology, such as rheumatic mitral disease, such patients probably have more advanced left atrial (LA) pathology that is arrhythmogenic, suggesting that these patients may respond poorly to efforts to eliminate AF. 5 In a study evaluating the outcomes of the maze procedure combined with a MV operation, 6 MV replacement (rather than repair) was found to be a significant risk factor for operative mortality. That study, however, focused mainly on immediate postoperative outcomes and did not consider long-term cardiac rhythm and thromboembolic complications.
Because recurrence of AF after the maze procedure may not be directly related to the MV procedure per se, it may be important to delineate which patients can benefit from the maze operation even if the MV is to be replaced. We therefore investigated clinical results of the maze procedure combined with a MV procedure and analyzed whether the type of MV operation chosen might affect the outcome of the maze operation.
MATERIALS AND METHODS Patients
From January 1999 to January 2007, a total of 435 patients with MV disease underwent surgery for persistent or paroxysmal AF. The maze procedure and the MV operation were performed concomitantly, with or without other cardiac procedures. Of these 435 patients, 226 underwent MV repair (repair group) and 209 underwent MV replacement (replacement group), depending on the severity of valve pathology. Preoperative transesophageal echocardiography was routinely performed to evaluate MV Abbreviations and Acronyms AF ¼ atrial fibrillation CVA ¼ cerebrovascular accident LA ¼ left atrial MV ¼ mitral valve morphology. Rheumatic etiology of mitral valvulopathy was suggested by medical history, echocardiographic assessment, and intra-operative findings of valve morphology. In an effort to prevent postoperative sick sinus syndrome, preoperative coronary angiography was routinely performed in all patients to verify the origin and course of the sinus nodal artery. Sinus nodal arteries originated from the right coronary system in 205 patients and from the left coronary system in 152 patients. During creation of maze lesions (either incisions or ablation), these arteries were strictly preserved. This study was approved by the institutional review board.
Surgical Techniques
Maze procedures were performed with a modified Cox maze III technique, the details of which have been described previously. 7 In brief, the technical modification centers around preservation of the LA function after maze operation: (1) LA tissue incorporation on pulmonary vein isolation procedure was minimized by tightly encircling the pulmonary vein orifices, (2) cut and sew technique was replaced with ablation with either cryothermia (n ¼ 333) or microwave (n ¼ 102), and (3) LA size was reduced by generous resection of redundant atrial tissue off the posterior LA wall parallel to the posterior mitral annulus. Cryoablation was applied atÀ60 C with a 15angled, 30-or 70-mm long freeze tip with a diameter of 9 mm (Frigitronics Cardiac Cryosurgical System 200; Frigitronics, Inc, Coopersurgical, Shelton, Conn). The probe was usually applied for 2 minutes. Microwave energy was applied endocardially with FLEX 4 microwave ablation probes (Afx Inc, Fremont, Calif). The energy level used was 65 W, and duration of ablation was 1 to 2 minutes, depending on the myocardial thickness. The degree of LA wall resection was determined by preoperative LA size, with a target postoperative LA size greater than 50 mm. Ablation of the right atrial cavotricuspid isthmus was performed to prevent postoperative atrial flutter. MV replacement was performed in a chordae-sparing manner. One hundred seventy-five patients in the replacement group (83.7%) received mechanical valves.
Postoperative Follow-up
Any symptoms suggestive of neurologic deficit were evaluated by neurologists with adequate imaging studies. Bleeding complication from anticoagulation therapy was defined as any significant bleeding necessitating transfusion, intervention, or readmission.
Postoperatively, inpatient rhythms were monitored daily with standard 12-channel surface electrocardiography. Patients were routinely evaluated with 24-hour Holter monitoring before hospital discharge. Follow-up electrocardiography was routinely performed at 3-to 6-month intervals during the first 2 years and every year thereafter. Any symptoms suggestive of arrhythmia were assessed by 24-hour Holter monitoring during follow-up. Recurrences or events of AF during the initial postablation blanking period of 3 months were considered early events. A failure of the maze procedure was defined as any recurrent AF, atrial tachycardia, or atrial flutter at least 3 months after stopping amiodarone beyond the initial blanking period. The end point used was freedom from AF without antiarrhythmic agent, the time before first AF events were presented.
Transthoracic echocardiographic evaluations were performed at 3 and 6 months and every year thereafter. Two-dimensional echocardiography and Doppler color flow imaging were performed in all cases with a Hewlett-Packard Sonos 2500 or 5500 imaging system equipped with a 2.5-MHz transducer (Hewlett-Packard, Andover, Mass). Patients were monitored for the presence of transmitral A waves and the magnitude of peak Awave velocity. The prevalence of transmitral A-wave as a percentage is derived from the number of patients with the presence of transmitral A wave divided by the number of patients with normal sinus rhythm multiplied by 100% at each postoperative time point.
All data were collected prospectively and stored for later assessment in a specially designed and controlled database.
Postoperative Management
Postoperative AF, atrial flutter, atrial tachycardia, frequent atrial premature beats, and recurrent atrial tachyarrhythmia were treated with amiodarone, which was commenced at 1200 mg/d and tapered according to rhythm status. Rapid ventricular rate despite amiodarone therapy was controlled by b-blockers or calcium-channel blockers. Patients who underwent valve repair or bioprosthesis insertion (n ¼ 34) routinely had anticoagulation with warfarin for 3 to 6 months postoperatively with target international normalized ratio of 1.5 to 2.5 at the discretion of the attending surgeon. The maintenance of anticoagulation therapy thereafter was determined according to individual risk factors of thromboembolism and cardiac rhythm status. Any patient who showed AF after operation received anticoagulation therapy, which was continued unless sinus rhythm was restored. For patients with mechanical valve implantation, an international normalized ratio of 2.0 to 3.0 was the aim, regardless of cardiac rhythm status.
Statistics
Data are presented as frequency, mean AE SD, or median with range. Comparisons of patient characteristics between the groups (replacement vs repair) were performed with c 2 tests for categoric variables and Student t tests for continuous variables. Kaplan-Meier curves were used to delineate time-related recurrence of AF. Stratified survival curves (freedom from AF) were plotted to explore unadjusted differences for variables of interest (log-rank test). For multivariate analysis, Cox proportional hazards model was fitted with time to AF recurrence, adjusting for potential risk factors. For the intergroup comparisons of transmitral A-wave prevalence and velocity at each postoperative time point, c 2 and Student t tests, respectively, were used. Postoperative changes in transmitral peak A-wave velocity were investigated with repeated measures analysis of variance. The SPSS software package (version 12; SPSS, Inc, Chicago, Ill) was used for statistical analysis.
RESULTS

Perioperative Characteristics
Clinical follow-up was complete for all patients at a median of 40.6 months (0.4-111.3 months). Cardiac rhythm follow-up for 12 months was possible in 400 patients (91.9%). Median age at operation was 52 years (18-80 years), and 264 patients (60.6%) were female. There were no significant between-group differences in mean age at surgery, sex distribution, LA size, left ventricular ejection fraction, and cardiothoracic ratio (Table 1) . Reoperation, concomitant aortic valve procedure, longer history of AF, and rheumatic origin of mitral valvulopathy were more frequently observed in the replacement group than in the repair group.
Operative Outcomes
There were 8 early and 17 late deaths ( Table 2) . Nineteen patients (4.3%) did not regain normal sinus rhythm. LA size decreased from 60.2 AE 10.0 mm to 47.7 AE 7.1 mm as a result of the surgery (P<.001). One hundred six patients had early AF events (51 in the repair group and 55 in the replacement group, P ¼ .399). Of 427 early survivors, 64 had late AF recurrence (15.0%). Normal sinus rhythm was present at last follow-up in 82.7% of patients. The overall AF-free rates were 86.2% AE 1.9% at 3 years, 78.3% AE 2.8% at 5 years, and 70.2% AE 4.4% at 7 years. There were 6 late CVAs (no early CVAs), with 1 death and 5 permanent neurologic impairments ( Table 3 ). All 6 patients with CVA were receiving anticoagulation therapy when CVA occurred. Only 1 patient in the repair group was in AF when CVA occurred; the remaining 5 were in normal sinus rhythm.
There were no significant between-group differences in CVA incidence, mortality, and rates of permanent pacemaker implantation ( Table 3 ). There were no intergroup differences in sinus conversion rate, mean date of sinus conversion, and the last follow-up electrocardiographic rhythm ( Table 4 ). The 5-year freedoms from AF without antiarrhythmic agent were 80.9% AE 3.7% in the repair group and 77.3% AE 4.1% in the replacement group (P ¼ .099; Figure 1 ).
Assessment of Risk Factors for Late AF Recurrence
Univariate analyses to determine factors associated with late AF recurrence without antiarrhythmic agents revealed that older patient age, longer preoperative AF duration, fine AF wave pattern, and greater LA size were significant factors. The influences of rheumatic etiology of mitral valvulopathy, MV operation type and concomitant performance of coronary artery bypass grafting on AF recurrence were statistically marginal. Cox multivariate analyses including the previously mentioned variables confirmed that older patient age, fine AF wave pattern, and greater LA size were independent risk factors for late AF recurrence. After adjustment, mitral surgery type did not correlate with AF recurrence ( Table 5 ).
Postoperative Antiarrhythmic Medication and Anticoagulation Therapy
Seventy-three patients in the repair group and 80 patients in the replacement group were given amiodarone within 3 months after operation (P ¼ .228). The rate of amiodarone medication in the early postoperative period ( 3 months) was significantly greater in patients with early AF events than in those without early events (81/316 in no early events group vs 71/106 in early events group, P < .001).
Beyond 3 months after operation, 32 patients in the repair group and 27 patients in the replacement group received amiodarone medication (P ¼ .706). The rate of amiodarone medication beyond the early postoperative period (>3 months) was also significantly greater among patients with late AF recurrence than among those without late AF recurrence (18/317 in no AF recurrence group vs 38/64 in AF recurrence group, P<.001). Three hundred seventeen patients who were free of late AF recurrence eventually had normal sinus rhythm after discontinuation of amiodarone.
After 6 postoperative months, 19.9% of patients in the repair group (n ¼ 45) and 91.8% in the replacement group (n ¼ 192) received warfarin medication (P < .001). In the repair group, the indications for long-term anticoagulation were late AF recurrence in 24 cases and other risk factors of thromboembolism in 21. In the replacement group, 100% of patients with mechanical valves and 50% with tissue valves (n ¼ 17) received long-term anticoagulation ther-apy. There were 34 patients who had bleeding complications during follow-up. These patients comprised 3.5% of the repair group (n ¼ 8) and 12.4% of the replacement group (n ¼ 26, P ¼ .001).
Assessment for Transmitral A Waves
In intergroup comparisons of transmitral A-wave prevalence, the only differences were found at 1 month, with higher A-wave prevalence at both time points observed in the repair group (Figure 2 ). Beyond the immediate postoperative period, transmitral A-wave prevalence reached 80% to 90% and was maintained for as long as 6 years.
Transmitral peak A-wave velocity was unchanged with time in both groups (P ¼ .146, repeated measure analysis of variance; Figure 3 ). In intergroup comparisons, A-wave velocity was significantly faster in the repair group through the entire postoperative period.
DISCUSSION
We found that the outcomes of the maze procedure were comparable in the replacement and repair groups in terms of operative morbidity, overall survival, and rate of postoperative CVA. In contrast to a previously reported study, 6 higher operative mortality was not observed in the replacement group. Although Kaplan-Meier analysis suggested a poorer result in the replacement group in terms of late AF recurrence with a borderline significance, multivariate analysis revealed that older patient age, fine AF wave pattern, and greater LA size were independent risk factors for postoperative AF recurrence but that the type of MV surgery was not.
To evaluate the benefits of the maze procedure in patients with MV disease, several groups have compared the outcomes of the combined procedure with those of isolated MV operation. 4, [8] [9] [10] [11] A prospective trial randomly assigned 20 patients to undergo MV replacement alone (n ¼ 5) or in combination with a maze operation (n ¼ 15) 8 and revealed that the patients who underwent the maze operation accompanied by MV replacement had much higher rate of sinus rhythm restoration and better functional performance on postoperative exercise tests. Another study compared the outcomes of patients with AF who underwent either MV replacement alone, MV repair plus the maze operation, or MV replacement plus the maze operation. 4 Multivariate analyses showed that omission of the maze procedure and longer duration of AF were risk factors for postoperative AF recurrence, with omission of the maze procedure being the only significant risk factor for late stroke. Generally, the rate of major systemic embolism is 2% to 3% per year after mechanical valve replacement, even when anticoagulation treatment is used. [12] [13] [14] In our study, we found that the incidence of late postoperative CVA remained low even in the replacement group, similar to that in the repair group. This finding is suggestive of an additional protective effect against CVA by restoration of sinus rhythm after the maze operation in patients with MV replacement. Similar findings have been observed, in that CVA risk remained high in patients with MV replacement who were receiving anticoagulation and that this risk was reduced when sinus rhythm was restored. 3, 4 The lack of significant intergroup difference in CVA incidence might also, however, be explained by the low incidence of postoperative CVA itself (n ¼ 6). Observation on a larger patient population with a longer follow-up duration might offer more complete data for more discriminating analysis of CVA incidence.
Older patient age, longer preoperative AF duration, fine AF wave pattern, and increased LA size have been shown to be risk factors for AF recurrence after the maze procedure. [15] [16] [17] In our study, multivariate analyses revealed that older patient age, fine AF wave pattern, and greater LA size were independent risk factors for postoperative AF recurrence. The finding that preoperative LA size affected maze outcome is contrary to our previous report, in which patients with preoperative giant LA size (>60 mm) had outcomes comparable to those of patients with nongiant LA size in terms of postoperative sinus conversion rates and atrial contractility in the early and late postoperative period. 18 The follow-up period of the previous study, however, was limited to only 6 postoperative months. Because this study clearly delineates an association between the LA size and AF recurrence in a long-term clinical scenario, the results from the previous report can not be generalized as a long-term maze outcome.
In this study, AF duration was not found to be an independent factor for AF recurrence. This finding may stem from the limitation in calculating the AF duration, which was based on patient memory in the case of those with symptoms (palpitation) or on the date of first recorded AF episode in the case of those without symptoms. This manner of calculation does not seem to reflect the exact duration of AF. On the other hand, the low amplitude of the AF wave indicates FIGURE 2. Transmitral A-wave prevalence plots. In intergroup comparisons, difference was only found at 1 month, with higher A-wave prevalence observed in repair (MVP) group than in replacement (MVR) group. Beyond early postoperative period, A-wave prevalence was maintained at 80% to 90% as long as 6 years without intergroup differences. the chronic nature of AF; that is, with prolongation of AF, the atrial electric motive force decreases as a result of atrial dilatation progression, 19 loss of atrial contractile components replaced with fibrosis, 20, 21 and degeneration of the atrial myocardium. In determining the chronic nature of AF, evaluation the amplitude of AF wave is thought to be more reliable and objective than calculating AF duration, which mainly depends on patient memory.
The outcomes of the maze procedure have been reported to be poorer in patients with rheumatic mitral disease, suggesting that this procedure should be reconsidered in such cases. 5 In contrast, another study indicated that rheumatic MV disease itself was not related to the lower success rate of the maze procedure, as assessed by sinus conversion and restoration of atrial transport function, 22 findings in agreement with those shown in this study. According to our multivariate analysis, the presence of rheumatic disease did not affect AF recurrence after the maze operation (P ¼ .116).
Assessment of atrial transport function is regarded as an important part of the analysis of maze outcomes. The importance of atrial contractility in patients with restored sinus rhythm has been a subject of controversy, however, in that restoration of atrial transport function may not contribute to increased cardiac output or decreased thromboembolic complications. A study that involved cardiopulmonary exercise testing before and after the maze procedure suggested that improvement in exercise capacity may not be caused by restored sinus rhythm and atrial contraction but may be related to the reduction in LA size and improvement in hemodynamic variables achieved by the surgery itself. 23 In a recently reported study, however, cardiac magnetic resonance imaging evaluation for patients who had sinus rhythm following maze procedure revealed that patients with atrial contraction had better LA booster pump and reservoir function than did those without atrial contraction. 24 The latter report strongly suggests better cardiac performances in patients with both sinus rhythm and atrial contraction after the maze procedure. In our series, the modification of the maze procedure was intended to improve the LA transport function under the assumption that restoration of atrial transport function plays an important role in overall outcome. Furthermore, patients with sinus rhythm but without effective atrial contraction routinely received anticoagulation in our practice to prevent potential thromboembolic complications.
In this study, A-wave prevalence increased from 58% to 73% the in early postoperative period (1 month) to 80% to 90% thereafter and was maintained as late as 6 years. In intergroup comparison, the difference in A-wave prevalence was observed only at 1 postoperative month, with a higher A-wave prevalence in the repair group. Restoration of both sinus rhythm and atrial contractility is apparently different, and the rate of restoring atrial contraction varies from 21% to 95%, with factors affecting restoration of atrial contraction after the maze procedure known to be AF duration, LA diameter, and the presence of prosthetic valve failure. 25 MV operation type was greatly associated with the postoperative A-wave velocity in this study, which was less favorable in the replacement group than in the repair group. This finding is thought to be attributable to the differences in preoperative conditions, which were poorer in the replacement group, with rheumatic mitral valvulopathy and reoperation more frequently observed in the replacement group than in the repair group. These adverse conditions may have resulted in degenerative changes of atrial tissue characterized by loss of atrial muscle and atrial fibrosis and thus decreased contractility of atria. Clinical implications of the differences in A-wave velocity and the effect of each factor on it should be investigated in another study.
LIMITATIONS
This study was retrospective in nature and was not randomized. We have not determined whether a successful maze procedure can reduce the risk of thromboembolism. Although we speculated that AF recurrence increases the risk of CVA, any correlation between these variables was not provable in this study because of the low incidence of postoperative thromboembolic complications. Data from a larger population of patients with longer follow-up duration might resolve these limitations. The clinical implications of restored atrial contraction and its relationship with MV operation type still remain unclear. This lack of clarity merits a further study analyzing the clinical significance of atrial contractility and the influences of various potential factors on atrial contractility.
CONCLUSIONS
The addition of the maze procedure to MV surgery was safe and effective in the treatment of AF associated with MV disease. The clinical outcomes of the maze procedure were excellent, regardless of type of MV surgery. Late AF recurrence was mainly affected by patient age, electrocardiographic characteristics of AF, and larger preoperative LA size, not by type of MV surgery. Although LA contraction was restored in most patients, LA contractility remained less favorable in patients with MV replacement than in those with MV repair.
